This paper demonstrates a successful application of wavelength division multiplexing (WDM) to the avionics environment to support analog RF signal transmission. We investigate the simultaneous transmission of four RF signals (channels) over a single optical fiber. These four analog channels are sequentially multiplexed and demultiplexed at different points along a fiber optic backbone to more closely emulate the conditions found onboard aircraft. We present data from measurements of signal-to-noise ratio (SNR), transmission response (loss and gain), group delay that defines phase distortion, and dynamic range that defines nonlinear distortion. The data indicate that WDM is well-suited for avionics applications.
Introduction
coaxial cable for the transmission of RF signals in avionics applications. Optical fiber exhibits considerably less loss, can support signals requiring much higher bandwidth, is immune to electromagnetic interference (EMI), and offers significant size and weight savings when compared to coaxial cable. Recently, the availability of the Internet onboard commercial aircraft adds increased credence to ambitions of delivering new information services during flight [I]. The onboard implementation of Voice-over-IP (VOW), highdefinition television (HDTV), and radio frequency (RF) signals used to transport cellular signals, as shown in Figure 1 , is a driving force behind Optical fiber offers many advantages over investigations into the use of fiber optic wavelength division multiplexing (WDM) technology to support high bandwidth communications backbone requirements. WDM is a technique that allows multiple signals with different modulation formats and bandwidths to be combined and transmitted over a single optical fiber. Traditionally, WDM has been used by the telecommunications industry to increase the digital information carrying capacity of optical fibers. In this paper, a WDM network supporting four analog RF channels has been demonstrated as a successful application that meets the demands of the avionics environment.
four end-to-end communication channels established when modulated analog RF signals are transmitted over single fiber using a WDM network. We expect that the promising and novel results presented in this paper will stimulate further research in this emerging area.
Next section describes our experimental setup to transmit four channels of RF modulated signals over a WDM network. We report the experimental results from our experiment in the thud section, which includes measurements of signal-to-noise ratio (SNR), transmission response, group delay, and dynamic range for the transmission of four channels with different wavelengths over the WDM network. Concluding remarks are given in the last section.
The objective of this paper is to characterize The rest of this paper is organized as follows. Finally, an Aurora AR4001S receiver translates the received optical signal into a RF signal that passes through an Aurora OA4444T-42 RF amplifier linked to the receiver output to provide RF signal gain. The RF frequency range of operation for the Aurora transmitter and receiver is from 46 MHz to 870 MHz. Similarly, the signal of Ch3 1 travels the same path as shown in the layout.
Ch13 10 is coupled via an Aurora combiner to several meters of optical fiber and leaves the network through an Aurora splitter. Ch1510 was coupled via a 50/50 coupler to tens of meters and splits out of the main backbone using another 50/50 coupler and tunable bandpass fiber optic filter.
The extended distances for each link of the four channels, Ch29, Ch31, Ch1310, and Ch1550, are 47 m, 47 m, 9 m, and 41 m, respectively.
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Figure 2. WDM Network Provides Four Analog Communication Channels
Experimental Results our experimental setup described in the previous section. The results include signal-to-noise ratio (SNR) measurements, transmission response measurements, group delay measurements, and dynamic range measurements. These measurements completely characterize the performance of four communication channels using four different wavelengths over a single optical fiber.
following observations SNR provides a well-known measure of the transmission performance for each of the four communication channels in the WDM network. over the frequency range 100-4300 MHz. 
Group Delay Measurements
Group delay is measure of the propagating delay that the signal experiences when traveling throughout a communication link. Variable group delay over the operating frequency range can produce a phase shift in the signal. To ensure that a communication link does not introduce a phase shift to the propagating signal, it is important to verify that the group delay is stable over the operating frequency range. The experimental setup used to measure the group delay is shown in Fig. 8 .
Results of group delay measurements for all channels are:
Group delays for Ch29, without and with RF amplifier, are approximately 304 ns and 3 13 ns, respectively. These measured group delays were approximately constant over the frequency range 55-870 MHz, which indicates that the communication link is free of phase distortion. Group delays for Ch3 1, without and with RF amplifier, are approximately 300 ns and 315 ns, respectively. These approximately 101 ns and constant over the fkequency range 50-1300 MHz. Group delay for Ch1550 is approximately 218.5 ns and constant over the frequency range 50-1300 MHz, except over specified frequencies 590 MHz and 780 MHz, which leads to a small phase distortion over at some frequencies. 
2.
2f; -f*, 2f, -A , 2f; + A , or 2f, + A The second method, the more practical way, was used to measure the dynamic range for Ch29 and Ch31, as shown in Figure 13 .
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RF i\mWer Also, the third-order intermodulation free dynamic range for Ch31 is 38 dE3, as shown in Figure 15 . Compared with previously reported results for single optical fiber links [3, 7] , the thirdorder intermodulation free dynamic ranges measured over the WDM link are acceptable. Dynamic range has been measured just for Ch29 andCh31. 
